The Life Cycle of the Nephron Progenitor  by Little, Melissa H.
Developmental Cell
PreviewsThe Life Cycle of the Nephron ProgenitorMelissa H. Little1,*
1Murdoch Childrens Research Institute, Royal Children’s Hospital and Department of Pediatrics, University of Melbourne,
Melbourne VIC, Australia
*Correspondence: melissa.little@mcri.edu.au
http://dx.doi.org/10.1016/j.devcel.2015.09.023
Although we know that mesenchymal progenitors give rise to nephrons in the kidney, how they balance self-
renewal versus differentiation is still unclear. In this issue of Developmental Cell, Chen et al. (2015) show that
nephron progenitors age, but not necessarily irreversibly: old progenitors can be ‘‘rejuvenated’’ by a young
crowd.The human kidney is comprised of up to
2 million epithelial nephrons (15,000 per
kidney in the mouse) (Little, 2015), all of
which derive from a specific mesen-
chymal nephron progenitor population
via amesenchyme-to-epithelial transition.
The nephron progenitors, referred to as
the cap mesenchyme because they
‘‘cap’’ each of the tips of the branching
ureteric epithelium, represent a self-re-
newing stem cell population (Kobayashi
et al., 2008). These progenitors support
ureteric progenitors proliferating in the
adjacent tips through the production of
glial-derived neurotrophic factor. Without
this signal, branching of the ureteric tree
will end. They also self-renew to ensure
that as the numbers of tips increases,
there continues to be a cap for each tip
to drive further branching. Nephron pro-
genitors can also respond to signals
from the tips to form nephrons. While
this is all well established, there remain
many unanswered questions about the
regulation of the balance between self-
renewal and differentiation. For example,
why does the cap mesenchyme exhaust,
ending the process of nephron formation
in humans before birth and in mice in the
first few days of life? It remains unclear
whether there is an active trigger (e.g., a
physiological change at birth) or an
intrinsic clock. It is also unclear whether
the decision to exit is uniform across the
population or stochastic.
A few studies have pondered these
questions. Measurement of cell number
within the nephrogenic niches across
time showed that, with each division, the
number of cap cells per niche reduces
faster than the number of tip cells (Short
et al., 2014). A shrinking cap results in
a slowing of branching. This does sug-
gest an inexorable march to oblivion, buta spatially averaged model based on
these measurements suggested that this
alone, without an active trigger, may not
be sufficient to stop nephrogenesis (Zub-
kov et al., 2015). Similarly, nephron forma-
tion still continued to birth when a large
proportion of the cap mesenchyme was
deleted, even though the final kidney
was small and reduced in nephron num-
ber (Cebrian et al., 2014). Transcriptional
differences between early and late cap
mesenchyme in the mouse suggested
that cap mesenchyme at birth differs
from that early in development (Brunskill
et al., 2011). However, whether this tran-
scriptional change represents an active
trigger or the end result of aging could
not be determined.
To date, the cap mesenchyme is dis-
cussed as a single cellular state. This
concept of uniform identity and even ho-
mogeneity of capacity suggests that all
cells are equal across time and space.
However, the very fact that the nephrons
only form below the level of the abso-
lute tip demonstrates regionalization with
respect to degree of commitment and po-
tential heterogeneity, not only between in-
dividual cap mesenchymal cells but also
across time. The most definitive way in
which to evaluate whether nephron pro-
genitors inherently age is to ask how an
‘‘old’’ progenitor will behave in a field of
‘‘young’’ progenitors. This is what has
been done in the study from Chen et al.
(2015), published in this issue of Develop-
mental Cell. Young (12.5 days post-coi-
tum [dpc]) and old (postnatal day 0 [P0])
nephron progenitors, differentially labeled
with distinct fluorescent proteins, were
mixed together before microinjection
into an unlabeled young (12.5 dpc) niche.
If the nephron progenitor state is stable
across development, these two popula-Developmental Celltions should both show an equivalent level
of self-renewal versus exit to form neph-
rons. If cap cells have an intrinsic clock,
old progenitors should all exit to form
nephrons within 48 hr. Neither of these
possibilities occurred. Certainly, old pro-
genitors preferentially exited, but some
of these cells remained in the capmesen-
chyme and were able to self-renew for
much longer than they would have.
Chen et al. (2015) proposed that this
rebirth was dependent upon having
young neighbors. More often than not,
old progenitors within the cap mesen-
chyme were observed alone, and hence
surrounded by younger recipient cells.
This suggested that if old progenitors
stayed close to their older buddies, they
exited quickly, whereas if they were sur-
rounded by younger progenitors, this
provided a new lease on self-renewal.
To understand their observations, Chen
et al. (2015) also performed single-cell
transcriptional analysis of the nephron
progenitors across development. While
there was some clustering of cells of
different ages at later time points (from
14.5 to P0), all individual 12.5 dpc cap
cells clustered away from P0 cells. Put
differently, there do not seem to be any
young cells left by birth. The changes in
transcriptional profile between cells
across time suggested a slowing in cell
proliferation. Certainly, the presence of
two cap mesenchymal populations with
distinct cell-cycle lengths has been previ-
ously reported (Short et al., 2014). How-
ever, in this previous study, the propor-
tion of slow-cycling cells increased with
time while the proportion of fast cells
declined. This did not fit with a model
in which a self-renewing population
contained a ‘‘transient amplifying’’ (and
hence faster-cycling) population exiting35, October 12, 2015 ª2015 Elsevier Inc. 5
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Previewsto form renal vesicles. However, it does
fit with the concept of an intrinsic evolving
phenotype of progenitors in which cell-
cycle length for all progenitors increases
with time, as now suggested by Chen
et al.
Chen et al. (2015) also found that
the transcriptional profiling suggested
increasingmTOR signaling, elevated ribo-
somal biogenesis, altered expression of
some electron cryomicroscopy proteins,
and reduced Fgf20 signaling in older cap
mesenchyme. Fgf20 is produced by the
nephron progenitors themselves, and a
deficit in Fgf20 signaling results in a sub-
tle increase in rate of exit from the cap
mesenchyme with a consequent reduc-
tion in overall organ size and nephron
number (Barak et al., 2012). To investigate
the significance of this further, Chen et al.
(2015) placed young and old progenitors
into an Fgf20/ niche and observed
that while old progenitors still showed
preferential exit, those that remained in
the cap associated tightly with other
Fgf20+ cells, thus suggesting a require-
ment for this factor for self-renewal.
This work from Chen et al. (2015) is the
first to definitively demonstrate intrinsic
and extrinsic factors controlling the deli-
cate balance between self-renewal and
differentiation. This suggests that it should
be possible to override cessation of neph-
rogenesis. The recent identification of cell-
culture conditions able to sustain this
population in vitro (Brownet al., 2015) sup-
ports this conclusion. The profiling data
strongly suggest that, rather than a single
homogenous cap mesenchyme state,
even at a given time point, there is a
heterogeneous population that changes
or ‘‘ages’’ with time. While the data do
not support an extrinsic clock that regu-6 Developmental Cell 35, October 12, 2015 ªlates the end of nephron formation, there
remain no examples where there ap-
pears to have been a prolongation of this
process.
Despite these insights, there are
some potential confounds. One poten-
tial issue is that this and other studies
have analyzed the niche as snapshots
across time. However, cells within the
cap mesenchyme are not static; they
constantly move with respect to one
other (Wainwright et al., 2015). For this
reason, the interpretation of relative cell
position may be incorrect. For example,
it may not be that old cells renew when
surrounded by young cells, but simply
that old cells do not proliferate as
much (reduced chance for clusters given
reduced numbers of cells over time)
or redistribute more than their younger
counterparts. The latter could result
from differences in cell-cell adhesion
across time. Indeed, Chen et al. (2015)
report preferential cell-cell assortment
(old with old versus young with young)
in in vitro aggregates. Another potential
confound comes from the differences
between nephrogenesis in humans and
mouse. In the mouse, ureteric branching
ends close to birth, and all nephron
formation occurs around a ureteric tip.
In the human, ureteric branching ends
early in the second trimester, with the
majority of nephrons forming as arcades
along the length of an elongating but
unbranched terminal collecting duct
segment. The relevance of findings in the
mouse to human nephrogenesis is thus
unclear, as the location, gene expression,
and regulation of the nephron progenitors
in the human kidney during this time is
a mystery. Do the human nephron pro-
genitors forming arcading nephrons repre-2015 Elsevier Inc.sent a young progenitor state, old pro-
genitor state, or something completely
different?
While not delivering all the answers, this
technically challenging study from Chen
et al. (2015) fundamentally changes our
view of the cap mesenchyme as a sin-
gle-cell state homogeneous across time
and space, shedding light on how self-
renewal is regulated and arming us with
the information needed to see if it can be
prolonged.
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